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1
METHOD FOR MONITORING A CHARGING
PROCESS OF A BATTERY

This application is a 35 U.S.C. §371 National Stage Appli-
cation of PCT/EP2011/057535, filed on May 10, 2011, which
claims the benefit of priority to Serial No. DE 10 2010 030
548.0, filed on Jun. 25, 2010 in Germany, the disclosures of
which are incorporated herein by reference in their entirety.

The present disclosure relates to a method for monitoring a
charging process of a battery, to a battery system and to a
motor vehicle which is designed to carry out the method.

BACKGROUND

In hybrid vehicles and electric vehicles, batteries using
lithium-ion or nickel-metal hydride technology are used, said
batteries having a large number of electrochemical battery
cells connected in series. A battery management system is
used to monitor the battery and is intended to ensure both
monitoring of safety and a service life which is as long as
possible. For this purpose, the voltage of each individual
battery cell is measured together with the battery current and
the battery temperature, and a state estimation (for example of
the state of charge or of the state of aging of the battery) is
made. In order to maximize the service life, it is helpful to
know the maximum capacity of the battery at a given time,
that is to say the maximum amount of electrical power which
can be output or taken up. If this capacity is exceeded, the
aging of the battery can be greatly accelerated.

Also during a charging process of the battery, the battery
management system also continuously monitors significant
parameters of the battery in order to avoid damage to indi-
vidual battery cells or to the entire battery. FIG. 1 shows a
typical time profile of a charging current [ and of a cell voltage
of'abattery cell U during a charging process, known from the
prior art, of a lithium-ion battery. In a first phase P1, referred
to as the CC (constant current) phase, the battery is charged
with a constant current, with the result that the cell voltage of
a battery cell increases. From the point when a predetermined
limiting voltage is reached, the battery is recharged in a sec-
ond phase P2, referred to as the CV (constant voltage) phase
at a constant voltage whose value corresponds, for example,
to acell voltage of 4.1V, and is below a critical maximum cell
voltage (switch-off limit U, ). The charging current
decreases approximately exponentially in this phase P2. The
charging process is ended as soon as either a predetermined
charging time is reached or a predetermined value of the
charging current is undershot. The described charging strat-
egy is referred to after to its characteristic phases as CC-CV
charging.

During the charging process, the battery management sys-
tem of the battery continuously monitors the temperatures in
the battery modules which divide the battery, as well as moni-
toring all the cell voltages. In the event of the predetermined
safety thresholds for a maximum cell temperature or a mini-
mum or maximum cell voltage (for example U, in FIG. 1)
being undershot or exceeded, the battery management system
automatically opens the high voltage contactor of the battery
and thereby switches it off (to a de-energized state). This
safety function is required to protect the battery against
irreparable damage which in extreme cases could also lead to
instability of the battery pack. The case of a raised battery
temperature (above a predetermined operating temperature)
is also to be avoided as far as possible during operation since
it entails accelerated aging of the battery pack.

For the abovementioned reasons, also during the charging
process the battery management system continuously signals
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the values of the cell voltages and module temperatures to a
control device of a charging device which is used to charge the
battery. During the charging process, the battery heats up
owing to thermal power loss. In order to avoid a situation in
which the battery leaves the permitted temperature range
during the charging process, as soon as the battery tempera-
ture exceeds a predetermined limiting value a main control
device of an electric motor vehicle which comprises the bat-
tery switches on an air-conditioning compressor.

FIG. 2a shows the time profile of a current I; and of a
voltage U in or on an overall system which comprises the
battery, the air-conditioning compressor and the charging
device, during the charging process of the battery. FIG. 2b
shows the simultaneous profile of a charging current I; and of
a charging voltage U in or on the battery. At two points t, and
t, there is in each case a switch-on process of the air-condi-
tioning processor. This switch-on process requires at short
notice an increase in the current 1 which cannot be made
available by the charging device alone but instead also has to
be supplied from the battery. This results in the charging
current I ; briefly collapsing at both times. The control device
of the charging device measures the dip in the charging cur-
rent and immediately smoothes out the power loss by increas-
ing the charging voltage U. Since the air-conditioning com-
pressor requires a very much lower current even shortly after
the switch-on process, the battery is charged with an
extremely high charging voltage Uy shortly after the switch-
on process (see abrupt increase in U shortly after the times t,
and t, in FIG. 24). In the event of the charging process of the
battery being in a phase with relatively low cell voltages (for
example time t,), this is unproblematic. In contrast, in the
event of the charging process of the battery being in a phase
with relatively high cell voltages (for example time t,),
uncontrolled switching off of the battery can occur owing to
the infringement of the maximum cell voltage limit.

SUMMARY

According to the disclosure, a method for monitoring a
charging process of a battery, preferably of a lithium-ion
battery, is made available. The battery, a charging module
which supplies the battery with a charging current, and at least
one additional electrical consumer are components of an elec-
trical circuit. The battery comprises a plurality of battery cells
connected in series. The method comprises the following
steps: cell voltages of a plurality of battery cells are measured
at regular time intervals, and loading of the battery by a
switch-on process of the additional electrical consumer is
prevented if the measured cell voltage of a battery cell
exceeds a predetermined cell voltage threshold value. As a
result of these method steps, uncontrolled switching off of the
battery owing to infringement of the maximum cell voltage
limit is prevented by switching on the additional consumer.

The battery and the additional consumer may be parts of a
motor vehicle, and a main control device of the motor vehicle
can actuate the additional consumer. The additional consumer
can also be an electric cooling unit for cooling the battery, in
particular an air-conditioning compressor.

According to one preferred embodiment of the disclosure
there is provision that in addition to the cell voltages of a
plurality of battery cells, a battery charging current and at
least one temperature of the battery are measured at regular
time intervals; an estimated value which corresponds to an
estimated maximum temperature in the battery when the
charging process is continued uninterruptedly, is determined
as a function of the cell voltages, of the battery charging
current and of the temperature; and the electric cooling unit is
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switched on if the estimated value exceeds a predetermined
temperature threshold value, but is not switched on if the
measured cell voltage of a battery cell exceeds the predeter-
mined cell voltage threshold value. As a result, it is ensured
that the switching on of the cooling unit is brought forward
chronologically into an earlier phase of the charging process
of'the battery, in which the cell voltages tend to be still further
below the cell voltage threshold value, that is to say into a
phase in which switching on of the cooling unit does not yet
entail the risk of uncontrolled switching off of the battery
owing to the infringement of the maximum cell voltage limit.

A hysteresis of the cell voltages can be taken into account
during the determination of the estimated value. The esti-
mated value can be determined by a battery management unit
and sent to the main control device of the motor vehicle.
Furthermore, the estimated value can be transmitted by the
battery management unit to the main control device of the
vehicle via a CAN (Controller Area Network) bus.

A further inventive aspect relates to a battery system hav-
ing a battery, preferably a lithium-ion battery, and a battery
management unit which is connected to the battery, wherein
the battery comprises a plurality of battery cells which are
connected in series. The battery management unit has a plu-
rality of voltage measuring units, designed to measure a cell
voltage of, in each case, one battery cell, at least one tempera-
ture measuring unit, which is designed to measure a tempera-
ture of the battery, at least one current measuring unit, which
is designed to measure a battery charging current, and a
controller, which is connected to the voltage measuring units,
to the temperature measuring unit and to the current measur-
ing unit. The controller is designed to determine, during a
charging process of the battery, an estimated value as a func-
tion of the battery charging current, of the cell voltages and of
the temperature, which estimated value corresponds to the
maximum temperature in the battery when the charging pro-
cess is continued uninterruptedly. This ensures that, in an
overall system comprising the battery system, a cooling unit
for cooling the battery can be switched on the basis of the
estimated value, already in an earlier phase of the charging
process of the battery in which the cell voltages tend to be
even further below the cell voltage threshold value, that is to
say in a phase in which switching on of the cooling unit does
not yet entail the risk of uncontrolled switching off of the
battery owing to the infringement of the maximum cell volt-
age limit.

It is possible to arrange a plurality of temperature measur-
ing units in the battery which are designed to measure the
temperature in various regions of the battery. A hysteresis of
the cell voltages can be taken into account during the deter-
mination of the estimated value. Furthermore, the estimated
value can be output via an interface of the battery manage-
ment unit, in particular a CAN interface.

A further inventive aspect relates to a motor vehicle having
a battery system which comprises a battery, preferably a
lithium-ion battery, and a battery management unit which is
connected to the battery; furthermore having a main control
device and having at least one additional electrical consumer,
wherein the battery system is connected to a drive system of
the motor vehicle, and the main control device actuates the
additional consumer. The motor vehicle is designed to carry
out the inventive method during a charging process of the
battery. In one preferred embodiment, the motor vehicle com-
prises the battery system according to the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the disclosure are explained in
more detail with reference to the drawings and the following
description. In the drawings:
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FIG. 1 shows a typical time profile of a charging current
and of a cell voltage of a battery cell during a charging
process, known from the prior art, of a lithium-ion battery,

FIG. 2 shows a time profile of a current and of a voltage in
an overall system (a) and a simultaneous profile of a charging
current and of a charging voltage in a battery (b) from the
prior art,

FIG. 3 shows an exemplary embodiment of a method
according to the disclosure,

FIG. 4 shows an exemplary embodiment of a battery sys-
tem according to the disclosure, and

FIG. 5 shows wiring of the battery system according to the
disclosure in an exemplary embodiment of a motor vehicle
according to the disclosure.

DETAILED DESCRIPTION

FIG. 3 shows an exemplary embodiment of a method
according to the disclosure. The method serves to monitor a
charging process of a battery which is arranged in the exem-
plary embodiment in a motor vehicle. Furthermore, the motor
vehicle comprises, as an additional consumer, an air-condi-
tioning compressor which is suitable for cooling the battery,
as well as a main control device which actuates the air-con-
ditioning compressor. The method starts in step S10. In step
S11, cell voltages of a plurality of battery cells which are
connected in series, a battery charging current as well as a
plurality of temperatures are measured in various regions of
the battery during the charging process of the battery. In step
S12, a hypothetical maximum temperature in the battery is
estimated as a function of the battery charging current, of the
cell voltages and of the temperatures, which hypothetical
maximum temperature can be reached in a region of the
battery if the charging process is uninterrupted and is contin-
ued without switching on the air-conditioning compressor. In
order to calculate the value of the hypothetical maximum
temperature, a prediction function can be installed in software
of'a battery management system of the battery, which predic-
tion function predicts, from the indicated measured values, a
maximum temperature in a battery cell which can occur up to
the conclusion of a CC-CV charging operation within the
battery if the air-conditioning compressor is not switched on.
The prediction function can take into account a hysteresis in
the battery cells which is characterized in that during the
charging and discharging process the cell voltage differs from
the quiescent voltage. The level of the hysteresis is higher the
higher the respective charging current or discharging current.
A model for predicting the maximum temperature as a func-
tion of the specified parameters is determined by previous
measurements on a first prototype battery.

In step S13, the estimated hypothetical maximum tempera-
ture in the battery is compared by the master control device
with a predetermined temperature threshold value which cor-
responds to a temperature which is not to be exceeded in the
battery in order to avoid irreversible damage thereto. If the
estimated hypothetical maximum temperature in the battery
is not higher than the predetermined temperature threshold
value, branching back to the start of the method in step S11
occurs, and otherwise in step S14 the master control device
checks whether none of the measured cell voltages is higher
than a predetermined cell voltage threshold value. If this is the
case, in a step S15 the air-conditioning compressor which is
suitable for cooling the battery is switched on by the master
control device.

If, on the other hand, at least one of the measured cell
voltages is higher than the predetermined cell voltage thresh-
old value, in step S16 the master control device aborts the
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charging process of the battery and/or the battery is electri-
cally disconnected before the air-conditioning compressor is
switched on in S15.

As a result, at least during the charging process of the
battery, the taking up of power by the air-conditioning com-
pressor is blocked and a situation in which a current which is
required for the power take-up of the air-conditioning com-
pressor is also supplied by the battery is prevented.

FIG. 4 shows an exemplary embodiment of an inventive
battery system, denoted in its entirety by 30. A battery 20
comprises a plurality of battery cells 21 connected in series. A
plurality of voltage measuring units 22 are provided which
each measure a cell voltage of a battery cell. Furthermore,
temperature measuring units 23 are arranged in various
regions of the battery. A current measuring unit 24 measures
a battery charging current during a charging process of the
battery 20. The voltage measuring units 22, the temperature
measuring units 23 and the current measuring unit 24 are
connected to a controller 25 which is designed to estimate a
hypothetical maximum temperature in the battery during a
charging process of the battery, as a function of the measured
values supplied by the voltage measuring units 22, the tem-
perature measuring units 23 and the current measuring unit
24, which hypothetical maximum temperature can be reached
in a region of the battery if the charging process is uninter-
rupted and continued without switching on an air-condition-
ing compressor. The controller 25 can be designed to calcu-
late the hypothetical maximum temperature as in the method
described in the description of FIG. 3.

FIG. 5 shows wiring of the battery system 30 according to
the disclosure in an exemplary embodiment of a motor
vehicle according to the disclosure. The inventive battery
system 30 which is illustrated in FIG. 4, a main control device
of the motor vehicle 32 and a charging module 33, which
supplies the battery system 30 with a charging current and
which is not necessarily part of the inventive motor vehicle,
are connected to a common bus system, in particular to a
controlled area network (CAN) bus 31. The battery system
30, the charging module 33 and an air-conditioning compres-
sor 34 are connected to one another as components of an
electrical circuit, wherein all three components are connected
in parallel. The battery management unit of the battery system
30 according to the disclosure sends, in real time, the follow-
ing values to the master controlled device of the motor vehicle
32 via the CAN bus 31, and updates them cyclically:

(1) maximum cell voltage value within the battery 20;

(2) minimum cell voltage value within the battery 20; and
(3) the hypothetical maximum temperature in the battery 20
which can be reached in a region of the battery 20 if the
charging process is uninterrupted and is continued without
switching on the air-conditioning compressor 34.

If'the hypothetical maximum temperature in the battery 20,
sent by the battery management unit of the inventive battery
system 30 to the main control device of the motor vehicle 32,
exceeds a predetermined temperature threshold value, the
main control device of the motor vehicle 32 switches on the
air-conditioning compressor 34 provided that the condition
mentioned below is met.

If'the air-conditioning compressor 34 is switched on during
a CC-CV charging operation of the battery 20, said air-con-
ditioning compressor 34 requires at short notice a current of,
for example, 50 A. This current cannot be made available
solely by the charging module but instead must also be sup-
plied by the battery system 30, as a result of which the charg-
ing current dips. This dip is detected basically by the master
control device of the motor vehicle 32 and signalled to a
controller of the charging module 33, in response to which the
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controller of the charging module 33 compensates by increas-
ing the charging voltage, but this can either damage a battery
cell 21 in which the cell voltage value exceeds a predeter-
mined cell voltage threshold value or leads to uncontrolled
switching oft of the battery 20 by the battery management
unit.

For this reason, the master control device of the motor
vehicle 32 according to the disclosure instead does not switch
on the air-conditioning compressor 34 if the maximum cell
voltage value sent by the battery management unit of the
battery system 30 according to the disclosure to the master
control device of the motor vehicle 32 exceeds a predeter-
mined cell voltage threshold value within the battery 20.

The invention claimed is:

1. A method for monitoring a charging process of a battery
having a plurality of battery cells connected in series, the
battery being connected to a charging module configured to
supply the battery with a charging current, and to at least one
additional electrical consumer, the method comprising:

measuring, with sensors connected to a main control

device, cell voltages of the plurality of battery cells at
regular time intervals; and

preventing, with the main control device, a loading of the

battery caused by a switch-on process of the at least one
additional electrical consumer, by at least one of (i)
actuating the at least one additional electrical consumer
with the main control device to disconnect the at least
one additional electrical consumer from the battery, and
(ii) operating the charging module with the main control
device to abort the charging process of the battery, if a
cell voltage of the measured cell voltages of the plurality
of battery cells exceeds a predetermined cell voltage
threshold value.

2. The method as claimed in claim 1, wherein:

the battery, the main control device, and the at least one

additional electrical consumer are parts of a motor
vehicle; and

the at least one additional electrical consumer is an electric

cooling unit configured to cool the battery.
3. The method as claimed in claim 2, further comprising:
measuring a battery charging current and at least one tem-
perature of the battery at regular time intervals;

determining an estimated temperature value, correspond-
ing to a maximum temperature in the battery when the
charging process is continued uninterruptedly, as a func-
tion of the cell voltages, of the battery charging current,
and of the temperature;

switching on the electric cooling unit if the estimated tem-

perature value exceeds a predetermined temperature
threshold value; and

preventing the switching on of the electric cooling unit if a

cell voltage of the measured cell voltages of the plurality
of battery cells exceeds the predetermined cell voltage
threshold value.

4. The method as claimed in claim 3, further comprising:

taking a hysteresis of the cell voltages into account during

the determination of the estimated temperature value.

5. The method as claimed in claim 3, wherein the estimated
temperature value is determined by a battery management
unit and sent to the main control device of the motor vehicle.

6. The method as claimed in claim 5, wherein the estimated
temperature value is transmitted by the battery management
unit to the main control device of the vehicle via a CAN bus.

7. A battery system comprising:

a battery including a plurality of battery cells connected in

series; and
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a battery management unit connected to the battery, the

battery management unit comprising:

aplurality of voltage measuring units configured to mea-
sure a cell voltage of, in each case, a battery cell of the
plurality of battery cells;

at least one temperature measuring unit configured to
measure a temperature of the battery;

at least one current measuring unit configured to mea-
sure a battery charging current; and

a controller connected to the voltage measuring units, to
the temperature measuring unit, and to the current
measuring unit, the controller being configured to
determine, during a charging process of the battery, an
estimated temperature value, corresponding to a
maximum temperature in the battery when the charg-
ing process is continued uninterruptedly, as a function
of'the battery charging current, of the cell voltages and
of the temperature.

8. The battery system as claimed in claim 7, the battery
management unit further comprising: wherein

a plurality of temperature measuring units arranged in the

battery and configured to measure temperatures in vari-
ous regions of the battery.

9. The battery system as claimed in claim 7, wherein the
controller is configured to output the estimated temperature
value via a CAN interface of the battery management unit.

10. A motor vehicle comprising:

a drive system

a battery system connected to the drive system, the battery

system comprising:

a battery including a plurality of battery cells;

a battery management unit connected to the battery;
at least one additional electrical consumer; and
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a main control device configure to:

measure cell voltages of the plurality of battery cells
at regular time intervals; and

prevent a loading of the battery caused by a switch-on
process of the at least one additional electrical con-
sumer, by at least one of (i) actuating the at least one
additional electrical consumer to disconnect the at
least one additional electrical consumer from the
battery, and (i) operating the charging module to
abort the charging process of the battery, if a cell
voltage of the measured cell voltages of the plural-
ity of battery cells exceeds a predetermined cell
voltage threshold value.

11. The motor vehicle as claimed in claim 10, the battery

management unit comprising:

a plurality of voltage measuring units configured to mea-
sure a cell voltage of, in each case, a battery cell of the
plurality of battery cells;

at least one temperature measuring unit configured to mea-
sure a temperature of the battery;

at least one current measuring unit configured to measure a
battery charging current; and

a controller connected to the voltage measuring units, to
the temperature measuring unit, and to the current mea-
suring unit, the controller being configured to determine,
during a charging process of the battery, an estimated
temperature value, corresponding to a maximum tem-
perature in the battery when the charging process is
continued uninterruptedly, as a function of the battery
charging current, of the cell voltages and of the tempera-
ture.



